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Abstract 
This study is based on synthesize of Nano Hydroxyapatite particles and fabrication of Poly3-hydroxybutyrate/nano 
hydroxyapatite composite (P3HB/nHA) scaffolds by solvent casting and Salt leaching technique. Poly(3-hydroxybutyrate) was 
reinforced with different weight ratio of nano hydroxyapatite (nHA) (0-10 wt.%) and then NaCl particles(70, 80 and 90 wt.%) 
were added as spacer agent to make it porous scaffold. Nanoparticles were evaluated by TEM and XRD analysis. According to 
scanning electron microscope (SEM) observation, the pore size of scaffold was 200-250 μm. The morphology and distribution of 
pores in prepared scaffolds were also uniform. The distribution of nHA in scaffolds was investigated by X-ray map of Ca. 
Weight reduction of scaffolds in PBS solution by time, showed that degradation rate of scaffold increases due to nHA particles 
up to 7.5 wt.% nHA. Degradation rate also was increased by increasing the porosity of scaffold. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
Tissue engineering is the method developed for the repairing of the damaged human tissues by the process of 
regeneration of living tissue. Generally, a scaffold is employed for this process and it is necessary that it must have 
properties which are essential for tissue engineering such as proper surface, architecture, degradation properties, 
Hutmacher et al. (2001). Surface requirements including cell attachment, proliferation and differentiation, beside a 
highly porous structure with an interconnected pore network are necessary to provide cell migration and transport of 
nutrients and metabolic waste. In addition, a bone tissue engineering scaffold should be biocompatible and 
biodegradable to non-toxic products during the application time, Hinrichs et al. (1992). PHAs are biodegradable 
polymers that have been used for biomedical applications such as tissue regeneration, drug delivery and patches, 
Chen et al. (2006), Valappil et al. (2006). P3HB is a popular member of Poly Hydroxyalkanoates (PHAs) family 
which has extended degradation time and it is obtained mainly from microbial sources, Valappil et al. (2006), 
Anderson et al. (1990). Various composites of P3HB and bioactive inorganic phases, such as hydroxyapatite (HA) 
and Bioglass have been prepared to improve strength and bioactivity of the composites, as reviewed elsewhere. 
Micro or nanoparticles can be added to the polymer matrix. But, due to the small size and huge specific surface area 
of nano-sized HA, P3HB composites with this particles may have unique mechanical and biological properties, 
Cengiz et al. (2008), Chen et al. (2007). In this study, poly P3HB, was used as matrix. The P3HB/nHA composite 
scaffold was fabricated by using solvent casting and salt leaching method. Great effort was devoted to study the 
effects of the amount of nano filler on the degradation behavior of the nHA reinforced P3HB composite scaffold. 
Degradation behavior of the nano composite scaffolds was assessed by Weight loss measurements. 
2. Materials and Method 
2.1. Nano Hydroxyapatite Synthesis 
Calcium nitrate tetra hydrate (Ca(NO3)2.4H2O) and three Ethyl Phosphite ((C2H5O)3P) were used as the Ca and P 
sources, respectively. Solutions of Ca (NO3)2.4H2O and (C2H5O)3P (1 M) in ethanol were prepared separately and 
gently mixed together. The mixed solutions were stirred for 30 minutes at 25 ºC by magnetic stirrer and then stirred 
by orbital shaker for 4 days. The obtained solutions were dried in oven at 80 ºC. The resulting gel was calcined at 
550 ºC for 1 hour to obtain hydroxyapatite (HA) phase.  
2.2. P3HB/nHA Scaffold Fabrication 
Combination of ultra-sonication and solvent casting method was adapted for achieving proper dispersion of 
hydroxyapatite nanoparticles (nHA) in the matrix. Briefly, 0.4 gr P3HB (Poly 3-hydroxybutyrate, Sigma Aldrich 
Chemical Co., USA) powder was dissolved in 10 ml chloroform (Scharlau Co. (Spain) by 99.5% purity) at 50±2 °C 
to form 4 wt.% polymer solution, followed by addition of 0, 2.5, 5, 7.5 and 10 wt.% of nHA powders. After 30 
minutes ultra-sonication (25 kHz, 340 W), 70, 80 and 90 vol.% NaCl (Merck, with size of 212-250 μm) was added 
to mixture and stirred for 15 minutes. After 48 hours room drying, samples were dried in oven under vacuum for 24 
hours. For salt leaching, the samples were washed for 5 days with large amount of deionized water in orbital shaker 
and then dried in vacuum oven for 48 hours.  
2.3. XRD Analysis 
X-ray diffraction analysis (XRD) was conducted (Philips X’PERT XRD, Netherland) with Cu-Kα radiation, 
λ=1.54 Å over the 2θ range of 10–80° for nHA powder, pure P3HB and P3HB/nHA composite scaffold. The 
crystallite size of the nHA powder was estimated with the Debye-Scherer equation as shown in equation (1), Rajabi-
Zamani et al. (2008): 
) cos  /(B0.9=t TO
                                                                                                                                       (1) 
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Where λ is the wavelength of Cu-Kα (0.154 nm), B is the peak width at half-maximum intensity of HA in radians 
and θ is the angle of the latter peak in degrees. 
2.4. Electron Microscopy Observation 
Microstructure of composite scaffolds was observed by scanning electron microscopy (SEM, SERON TECH. 
AIS2100). Representative images of the upper surface of scaffold were obtained. Prior to examination, each sample 
was coated with gold. Energy Dispersive X-ray Analysis (EDS) of Ca (map of Ca) also used to see distribution of 
nHA particles in polymer matrix. 
Also the morphology of nHA particles was studied using transmission electron microscopy (TEM: PHILIPS EM 
208) operating at 100 kV. For the preparation of TEM samples, nHA particle were flaked from specimens and 
ultrasonicated in the absolute ethyl alcohol for 10 minutes. So the size of particles was compared by the results of 
Debye-Scherer equation. 
2.5. Degradation Study 
In vitro degradation behaviours were studied by measuring weight loss over time under static culture conditions 
in PBS at 37 °C mimicking a biological environment in bone tissue where body fluids flow slowly. Measurements 
(n=4) were conducted once a week for 15 weeks. Samples were cut (1×1 Cm2) and put on the bottom of Petri 
dishes. The culture media were changed once a week. Every week, one group of each type of scaffold was sampled, 
rinsed 3 times with distilled water and vacuum-dried for 24 hours at 45±5 qC before weight measurement. Weight 
loss was examined by the difference between the initial weight of the sample and the residue weight after culture for 
certain period of time. The percentage of weight loss was calculated according to Eq. (2), Ning et al. (2007): 
100 × )/WW-(W=lossWeight 0r0
                                                                                                           (2) 
Where W0= initial weight; Wr= residual weight. For composite scaffolds, the weight of nHa particles was 
subtracted from W0 and Wr. All measurements were expressed as mean ± standard deviation. 
3. Results and Discussion 
3.1. Nano HA Particles 
Transmission electron microscopy (TEM) image of nHA indicates that the size of particles are about 30-40 nm 
(Fig. 1). It can be observing from Fig. 1 that High free surface of Nanoparticles causes some agglomeration.  
 
 
Fig. 1. TEM micrograph of the synthesized nHA. 
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3.2. Scaffolds Characterization 
The microstructure of scaffolds prepared with different amount of spacer (NaCl) presented in Fig. 2. SEM 
images, demonstrated uniform pore size of 200–250 µm which is suitable for osteoblast migration, Murphy et al. 
(2010), Oh et al. (2007). The closed pores of the prepared Scaffolds were decreased with increasing of weight 
percent of spacer agent (NaCl). The prepared scaffold with 90 wt.% NaCl in term of open pores has the best 
structure. It can be seen from Fig. 2c the more interconnectivity in prepared scaffold with 90 wt.% NaCl, because of 
the open pores, which is essential for cell migration, waste removal and nutrient supply to the scaffold in bone tissue 
engineering, Petite and Quarto (2005). The figure is also showing no negative effect of nanoparticles on pore 
structure. 
 
 
 
Fig. 2. SEM micrograph of scaffolds prepared with (a) 70 wt.% NaCl; (b) 80 wt.% NaCl; and (c) 90 wt.% NaCl. 
 
Energy Dispersive X-ray spectroscopy (EDS), map of Ca, was used to investigate the distribution of nHA 
particles in the composite scaffold. Fig. 3 shows the result of EDS, X-ray map of Ca, of scaffold containing 90% 
porosity and 10 wt.% nHA reinforcement for example. According to this image, there is a uniform distribution of 
nHA particles in the scaffold which can improve Mechanical and Bioactivity properties of composite scaffolds, 
Ning et al. (2007), Murphy et al. (2010), Oh et al. (2007). 
 
 
Fig. 3. EDS, X-ray map of Ca, in scaffold containing 90% porosity and 10 wt.% nHA, reinforcement uniformly distributed. 
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3.3. XRD Analysis 
Figure 4 shows XRD pattern of synthesized nHA, pure P3HB and P3HB/nHA composite scaffold. All peaks in 
Fig. 4a are belonged to HA according to standard number of 01-086-740. The crystallite size of nHA was also 
calculated by Debye-Scherer equation. The size of crystallites was about 35 nm which was in accordance to particle 
size shown in Fig. 1. All peaks in Fig. 4b are belonged to P3HB according to standard number of 00-049-2212. All 
peaks of HA and P3HB exist in Fig. 4c, indicates that HA and P3HB coexist in composite scaffold. The peak 
intensity reduction of P3HB in the nano composite, indicate that the interfacial bonding between nHA and P3HB, 
changes P3HB crystal structure and decreases its crystallinity, Nejati et al. (2008), Ramay Hassna and Zhang (2004) 
and Liao et al. (2004). 
 
 
 
Fig. 4. X-ray diffraction pattern of (a) nHA, (b) PHB and (c) PHB/nHA composite scaffold. 
3.4. Degradation Study 
The weight change of pure P3HB scaffold and nHA doped P3HB scaffolds with different amount of nHA is 
presented in Fig. 5.  
 
 
Fig. 5. In vitro degradation of scaffolds made of P3HB and P3HB/nHA. Degradations were carried out in phosphate buffered saline (PBS) at 
37qC. Error bars represent mean ± SD for n= 4 (p<0.05). 
 
According to the Fig. 5, the scaffolds swelled to some extend in the first week Due to the absorption of water. As 
an result, there was no significant weight loss in the first 13 weeks but there was a noticeable decrease in weight at 
week 14 (Fig. 5).  
The weight loss measures of pure P3HB scaffold and nHA doped P3HB scaffolds with different amount of 
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porosity (volume percent of NaCl) and nHA after 14 weeks immersion in PBS is also depicted in Fig. 6. 
Degradation of scaffolds increased by increasing the porosity. This result is evident due to better penetration of PBS 
solution to the more porous scaffolds. 
 
Fig. 6. Degradation of scaffolds with Different amounts of nHA and porosities. Error bars represent mean ± SD for n= 4 (p<0.05). 
 
Wang et al. (2005) also showed that After 50 days of degradation, no remarkable degradation and difference in 
degradation was observed after blending of P3HB with HA. Composite scaffolds lost weight is faster than the Pure 
P3HB at the same time points (Fig. 5). The enhanced weight loss was due to water absorption by nHA particles. Ito 
et al. (2005) showed that HA incorporation to P3HB enhanced the surface hydrophilicity, and was thus considered 
to enhance the invasion of the water into the sample and therefore enhance degradation. The maximum weight loss 
was related to composite scaffold containing 7.5 wt.% nHA. In nano composite with more than 7.5 wt.%, 
agglomeration of nanoparticles may reduce specific area of nanoparticles. Reduction of nanoparticles surface area 
reduced water uptake and therefore degradation. 
4. Conclusion 
In the present study, the P3HB/nHA composite scaffold has been fabricated using solvent casting and salt 
leaching method. X-ray map of Ca analysis showed that uniform distribution of nHA particles was obtained. SEM 
results also showed that scaffold prepared with 90 wt.% NaCl had better structure than 80 and 70 wt.% NaCl. 
Degradation studies by weight loss measurement showed that the addition of nHA in scaffolds caused to noticeable 
increasing in degradation up to 7.5 wt.% nHA.  
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